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cancer susceptibility genes" that act as genetic risk factors for ovarian and breast cancer. Spontaneous mutation of the BRCA1 and BRCA2 genes is rare, and loss function of BRCA1 and BRCA2 genes is suspected due to epigenetic changes that occur more frequently, while other means of gene inactivation yet studied intensively (Thrall et al, 2006) . The prevalence of ovarian cancer varies extensively among different geographic regions and ethnic groups (Holschneider & Berek, 2000; Thrall et al, 2006) , which may reflect alterations in methylation status of tumor suppressor genes. Therefore, we studied the methylation status of BRCA2 in epithelial ovarian cancer.
DNA methylation is a covalent chemical modification that results in the addition of a methyl (CH3) group at the carbon-5 position of the cytosine ring. The human genome is not methylated uniformly and contains regions of unmethylated segments interspersed by methylated regions. DNA methylation at CpG sites of the promoter region can alter gene expression, which has recently been considered as important regulator for tumor development and progression (Olek et al, 1996; Korstanje et al, 2004; Yanagawa et al, 2004) . The inactivation of tumorsuppressor genes due to CpG island methylation has been implicated as one of the major pathways during cancer progression . Methylation is a key silencing mechanism of breast and ovarian cancer susceptibility for BRCA1, however less known about BRCA2 (Bosviel et al, 2011) . The BRCA2 protein is important to preserve genomic stability by ensuring high fidelity repair of double-strand DNA breaks (McCabe et al, 2006) . Previous studies reported BRCA1 methylation in ovarian cancer was 5% (Catteau et al, 1999) , 15% (Baldwin et al, 2000) , 19% (Hedenfalk et al, 2001 ), 10% (Rathi et al, 2002) , 31% (Meetei et al, 2004) , even in our previous study in the Indonesian population found BRCA1 methylation as high as 89.9 % (Pradjatmo et al, 2014) . These results support that the abnormal promoter methylation in BRCA1 may have an important role in tumorigenesis in some types of ovarian cancer. However, methylation of BRCA2 in ovarian cancer development is still not clearly understood. Dhillon et al. reported their studied found methylation of BRCA2 was 1/25 (4%) in granulosa cell tumors (Dhillon et al, 2004) , in Iran found BRCA2 methylation of epithelial ovarian cancer were 7/60 (11.7%) (Darehdori et al, 2012; Shabanizadeh et al, 2013) . Therefore, it is necessary to study the BRCA2 methylation status in our population.
Materials and Methods
Clinical samples recruitment
The protocols to study BRCA2 methylation status was following previously reported protocol for BRCA1 (Pradjatmo et al, 2014) . The study design was a prospective cohort that was conducted at Sardjito Hospital, Yogyakarta, Indonesia. All of the patients (n=69) gave signed, informed consent for their tissues to be used for scientific research. Recommendations of the Declaration of Helsinki for biomedical research were also followed to get the approval by Joint Institutional Review Board (JIRB) Faculty of Medicine, the Universitas Gadjah Mada (No:KE/FK/730/FC). Tissues collected from ovarian cancer patients were stored at -70 C, then the tissues were used to study the methylation status of BRCA2 by methylation specific PCR (MSP), while some of the tissues were examined at pathology anatomy department to determine the type of histopathology, the degree of differentiation and the in situ protein expression of BRCA2.
BRCA2 methylation status examination
Methylation status of BRCA2 was clarified following standard protocol of DNA Mini Kit (Qiagen, Germany). The conversion procedure of DNA bisulphite was following protocol of MethylEasy Xceed Rapid DNA Bisulphite modification Kit. For PCR reaction, 1μl DNA which was previously converted with sodium bisulphide, was added with 18μl PCR mix that contains 1 x PCR buffer, optimum concentration Mg2+ for each primer, 0.4μl primer and 0.1μl Taq polymerase. The primer used for BRCA2 were; BRCA2_MF :5'-GAC GGT TGG GAT GTT TGA TAA GG-3', BRCA2_MR :5' AAT CTA TCC CCT CAC GCT CC-3', BRCA2_UF :5'-AGG GTG GTT TGG GAT TTT TAA GG-3', BRCA2_UR ;5'-TCA CAC TTC TCC CAA CAA CAA CC-3' (Dhillon et al, 2004) .
Immunohistochemistry (IHC) for BRCA2 expression and scoring
Paraffin block section 3-5 μm thick of ovarian tumor tissue on glass slide was examined for IHC. Monoclonal antibody (Biocare Medical, LLC, 4040, Pike Lane Concord, CA 94520, LA, USA) that specifically reacts with N-terminal portion of the BRCA2 protein was used in this study. The BRCA2-positive breast cancer tissues were used as positive control, while negative control was the same tissues without BRCA2 antibody for staining. The percentage of staining was determined blindly by an independent pathologist. The ascribed score was based on the number of cells with nuclear staining. The score was classified as: slides was score as "zero" if there was no staining, "one" if there was scattered staining (<10%). "two" if 10-50% of the cells were stained, "three" if 50-90% of cells were stained and "four" if nearly all cells (>90%) were stained ( Figure 2 ). Tumor were categorized as having aberrant BRCA2 expression for very low to no staining (<10%); zero or one score) and positive BRCA2 expression for >10% BRCA2 staining (two-four score) DOI:http://dx.doi.org/10.7314/APJCP.2015.16.18.8599 Methylation Status and Expression of BRCA2 in Epithelial Ovarian Cancers (Thrall et al, 2006; Lesnock et al, 2013) .
Results and Discussion
BRCA2 methylation was profoundly found in epithelial ovarian cancer
The survival of all subjects (n=69) was followed up. The longest follow-up was 54 months and the shortest was 12 months. Survival months were then compared based on the BRCA2 methylation status. Table 1 showed the methylation of BRCA2 genes in EOC tissue was 68/69 cases (98.6%), while tissue without methylation was 1/69 cases (1.4%). IHC staining of BRCA2 positive was 34/69 cases (49.3%) and aberrant BRCA2 was found in 35/69 (50.7%). However, the methylation status and expression of BRCA2 were not statistically associated. There was no agreement between methylation status and protein expression of BRCA2 with Kappa statistic < 0.01 (the agreement less than 1%). Some ovarian tumor tissues (98.6%) with methylated BRCA2 the tumor tissues still have unmethylated cells either. It can be seen in the electrophoresis result (Figure 1 ) that although most cancer tissues with methylated BRCA2, the tissues still have band of umethylated BRCA2. It was because not all the cells in the tumor were uniformly methylated or unmethylated. Shabanizadeh et al. in Iran reported that methylation of the BRCA2 promoter of epithelial ovarian cancer was found 11.7% or 7 of the 60 patients (Darehdori et al, 2012; Shabanizadeh et al, 2013) . Of these 60 sporadic epithelial ovarian cancers, 14 (23.3%) had loss, 18 (30%) cases had reduced, and 28 (46.6%) cases had normal BRCA2 protein expression. Of the 14 cases that had a loss of protein expression, 7 cases were methylated in the promoter region. Contrarily, our study found very high percentage of BRCA2 methylation, in 98.6% of subjects, while 35 patients (50.7%) had lost expression BRCA2 protein and 34 patients (49.3%) had expressed BRCA2 protein.
The protein expression of BRCA2, as other genes, was regulated by various molecular machineries within the cell. Regulation of expression may be alterred at the level of transcription, translation and post translation. As mentioned by Hilton et al. that the universal inactivation of genes had multiple mechanisms, not only because of mutation and hypermethylation but there were still other mechanisms. These mechanisms include; first, the mutations of gene promoter, so failing to identify the correct CpG island of gene promoter; second, the loss of the function of gene products required for the transcription of gene, as well as loss of heterozygosity (LOH) as the third cause (Hilton et al, 2002) . Relevant to our study, not all cancer cells showed the negative expression of BRCA2 although the results of the examination of the methylation of BRCA2 gene were positive. Latest reports found that the causes and the early incidence of EOC were governed by a group of genes including microRNA genes, which could be modulated at four levels, namely the level of genomic, transcriptional regulation, post-translation modification and regulatory processes of microRNA (Li et al, 2010) . It might explain why eventhough tumors had BRCA2 methylations, the expression of the BRCA2 proteins in the tissue was still high. It is known that BRCA1 and BRCA2 genes function as tumor suppressor genes mainly through repairing doublestranded DNA damage. Homozygous loss of BRCA1 or BRCA2 might cause failure of DNA damage repair, the accumulation of mutations and therefore developing malignancy. BRCA2 is involved in keeping genome stability specifically preserve the flow of homologous recombination to repair double-strand DNA. BRCA2 protein interacts with RAD52 recombinase to configure homologous recombination and mediating the DNA repair mechanism. BRCA2 also plays a role in cell cycle check point. BRCA2 protein regulates the formation of mitotic spindle check point through formation of the spindle protein check point including Aurora A and Aurora B. Our study found that BRCA2 methylation occurred in majority of subjects (98.6%), but the expression of BRCA2 was still found in 49.3% of patients. It is suggested to study the molecular functions of BRCA2 in the DNA repair mechanism, to make sure that the expressed BRCA2 was functional. The risk of ovarian cancer for woman with BRCA2 mutation or loss of function is 12-20%, lifetime risk of ovarian cancer might as high as 20-30% for the BRCA2 gene mutations or loss of function carrier (Chan et al, 2002) , Laird, 2003) .
BRCA2 expression induced better survival
Several clinical factors such as age, menarche, parity, menopausal age, nutritional status (BMI), CA125 level before surgery, residual tumor during surgery, histopathological type and grade of differentiation were recorded and analyzed. These clinical parameters of the patients were classified in two or three groups. The results found that the distribution of clinical parameters were not different to the methylation status and expression of BRCA2, and there were no correlation among methylation status and expression of BRCA2 with those clinical parameters (p>0.05) ( Table 2) . Those clinical parameters did not influence the methylation status and expression of BRCA2. However, the occurrence of methylation DOI:http://dx.doi.org/10.7314/APJCP.2015.16.18.8599 Methylation Status and Expression of BRCA2 in Epithelial Ovarian Cancers was influenced by environtment and nutritional factors as already stated in the literature. Our finding was new evidence for Indonesian people that BRCA genes are highly methylated in ovarian cancer patients, as the previous studied of methylation status for BRCA1 (Pradjatmo et al, 2014) . Kontorovich et al (2009) found that BRCA2 does not exhibit a similar methylation profile in ovarian cancer. Findings of previous studies have shown that methylated CpGs at the BRCA2 promoter were either absent or at very low levels in tumor DNA compared to normal tissues (Chan et al, 2002) . Several studies found methylation status of BRCA2 in epithelial ovarian cancer were 11.66% or 7 of 60 patients (Darehdori et al, 2012; Shabanizadeh et al, 2013) , in granulosa cell tumor found BRCA2 methylation 4% or 1 of 25 patients (Dhillon et al, 2004) . Hypermethylation of BRCA2 gene in the epithelial ovarian cancer had large variations in many countries because of differences in environmental factors, chemical exposures, polution factors and nutrition as these greatly affected the occurrence of promoter methylation of suppressor genes and other genes. Aberrant DNA methylation currently is recognized as a common molecular abnormality in cancer and it becomes potential molecular marker for diagnosis, prognosis and treatment (Laird, 2003) . This finding has been reported and discussed in the previous studied for BRCA1 there were no correlation among BRCA1 methylation and BRCA1 expression with several clinocopathological factors such as; age, menarche, parity, menopauze status, BMI, CA125 level, clinical stage of disease, histopathological type, grade and residual tumor during surgery (Pradjatmo et al, 2014) . Aberrant DNA methylation currently is recognized as a common molecular abnormality in cancer and it may be seen as potential molecular marker for diagnosis, prognosis and treatment (Laird, 2003) .
In the Log rank's analysis for bivariable found that methylation status and expression of BRCA2 protein did not influence the survival of the EOC patients with p = 0.81 and p = 0.33 and some clinical factors those are menarche, CA125 level, stage of disease and residual tumor during surgery independently were significant influence the survival of the EOC patients with HR 2.55 (p=0.03), 4.11 (p=0.02), 0.51 (p=0.01), 0.63 (p=0.04) respectively. However, Cox's regression analysis for multivariable analysis only clinical stage and BRCA2 expression influenced the survival of the patients with HR 7.44 (p=0.03) and HR 0.32 (p=0.05) respectively. When patients are in the late stage the risk of mortality 7.44 times than in early stage, and if the tumor cells express BRCA2 protein the patients are three times more likely to survive than if they did not express BRCA2 (Table 3) .
One common DNA modification is promoter hypermethylation associated with loss of expression of tumor suppressor genes. During cancer development, there is a shift in methylation patterns and some CpG islands in promoter region become methylated leading to silencing of the adjacent genes and this process is considered to be a critical step in cancer development. We found that BRCA2 methylation was found in majority of epithelial ovarian cancer cases (98.7%). However, the methylation status was not associated with protein level expression of BRCA2 (49.3%). Therefore in addition to DNA methylation, other epigenetic mechanisms may regulate the BRCA2 expresison. Our findings may become evidence of BRCA2 inactivation mechanism through DNA methylation in the Indonesian population. More importantly, from the multivariable analysis, BRCA2 expression was correlated with better overall survival (HR 0.32; p=0.05). High percentage of BRCA2 methylation status and correlation of BRCA2 expression with overall survival in ovarian cancer may lead to the development of treatment modality specifically to target methylation of the BRCA gene.
